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Abstract
In this work the photo-double ionization (PDI) of water has been investigated. Water has been chosen for
its relevance in the study of radiation damage, being the main constituent of bio-systems. The measurements have
been performed at the Gas Phase beamline of Elettra at about 20 eV above the double ionization threshold with
unequal energy sharing condition. A Generalized Sturmian Function approach has also been applied to describe the
two electron continuum, where the structure of the initial states is considered and electronic correlation of the final
states exactly considered. Averaging results over the molecular orientation allow us comparison between theory and
experimental values.
Introduction
Double and multiple electron emissions from an atom or a molecule by the absorption of a sin-
gle photon represent minor processes in the radiation-matter interaction. However, they are of
extreme interest, because they are completely determined by electron correlation. The detec-
tion in coincidence of the two correlated electrons allows a detailed investigation of the different
active mechanisms. A comprehensive understanding of the photon doubleionization, PDI, has
been achieved in two-electron systems like the He atom and H2 molecule [1]. In other diatomic
and polyatomic molecules experimental studies of the mechanisms of PDI by the measurement
of the electron-electron coincidence angular distribution are scarce [2,3]. Here we give the first
theoretical approach to model recent measurements of water PDI [4].
Experimental set-up
Figure I shows the multicoincidence end station at the Gas Phase photoemission beamline of
the Elettra storage used to obtain the data presented here.
Figure I: The three analyzers of the
smaller frame are used as STARTS and
the seven analysers of the larger frame
are used as STOPS of three independent
TDCs that can accept multiple stops. In
this way, up to 21 electron pairs can be
collected simultaneously. The analyzers
are mounted 30o from each other and
the angular distribution is obtained from
successive rotations of the larger frame.
Theoretical approach
Here we will solve a model for the two electron continuum in the PDI of water molecules after
single photon absorption, where electron correlation is included exactly in the final state. The
initial electronic state of the water molecule is described as the separable products of Moccia
orbitals tabulated in [5]. Three dimensional contour plots for the 1a1, 2a1, 3a1, 1b1 and 1b2
single-electron Moccia orbitals for water are shown below, where atomic O and H positions are
shown in blue and red spheres respectively.
In this way we can refer the two electron dynamics relative to the oxygen position, and decompose
the initial states in eigenfunctions of the total angular momentum:
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and where the Wigner D-matrix DLM,M is introduced to describe the different molecular orien-
tations through the Euler angles (α, β, γ), and YL,Ml1,l2 are coupled spherical harmonics. After
ionization, each electron (i = 1, 2) interact with molecular orientation averaged potential [6]:
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Scattering wave function which describes ionization reads:
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Even if we have averaged the potential of the residual ion over its orientation, the scattering wave
function depends on the orientation through the initial state. Equation (1) is solved through the
Generalized Sturmian Method as we have done for helium PDI [7], after which we evaluate the
differential cross section:
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and its average over the Euler angles:
d5σ
dE1dΩ1dΩ2
=
4π2
ωc
k1k2
∑
L0
1
2L0 + 1
L0∑
M0=−L0
L0+1∑
L=Max[0,L0−1]
× (3)∣∣∣∣〈Φ−(r1, k1)Φ−(r2, k2) ∣∣∣∣ 1r12
∣∣∣∣ψL,M0sc (r1, r2)〉∣∣∣∣2 (4)
where Φ−(ri, ki) (i = 1, 2) are the single electron scattering states corresponding to the
potential Ui,mol(ri) and asymptotic momentum ki.
Results
The binding energy spectrum was first analyzed.
Figure II: The binding energy spectrum
of H2O
2+ measured in unequal energy
sharing conditions (E1 = E2 = 10
eV ). The bars indicate the dication
states, while the two arrows the binding
energies where the two TDCS have been
measured.
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Measured triple differential cross sections (TDCS), compared with theoretical results for 65 eV
and 63 eV energy Figures III and IV respectively.
0◦
45◦
90◦
135◦
180◦
225◦
270◦
315◦
2
4
6
8
10
12
θ1 = 0
o GSFExperiment
0◦
45◦
90◦
135◦
180◦
225◦
270◦
315◦
2
4
6
8
10
θ1 = 30
o GSF
Experiment
0◦
45◦
90◦
135◦
180◦
225◦
270◦
315◦
2 4
6 8
1012
1416
18
θ1 = 60
o GSF
Experiment
Figure III: TDCS at 65 eV energy, at unequal energy shearing regime. The angle of one of the electrons is fixed at
θ1 = 0
0, 300 and 600.
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Figure IV: Same as Figure III but for 63 eV energy.
Summary
We have presented TDCS for water double photoionization by single photon absorption,
photoelectron coincidence experiments, and the Generalized Sturmian Functions approach. The
theoretical method describe the experimental results by considering the Moccia description of
the initial electronic states, while taking into account the evolution of the two electron pair in
the averaged potential of the residual molecular ion exactly. In average, calculations correctly
reproduce the number of peaks, angular distributions, and relative amplitudes in cases. Further
improvements by considering the structure of the molecular ion for the ionized electron will be
presented in an publication.
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